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(54) Title: INDEXABLE CUTTING INSERT FOR ROTARY CUTTING TOOLS 



(57) Abstract 

This relates to a cutting insert (20) for use in a rotary cut- 
ting tool (1) having helically arranged teeth, comprising, a six 
sided block having two major parallel rhomboid-shaped plane 
surfaces (21, 22) constituting a seating face (22) and a clearance 
face (21) respectively, two opposed minor side surfaces constitut- 
ing cutting faces (30) extending between the seating and clearance 
faces, each said cutting face forming an acute angle (A) with the 
clearance face and forming a cutting edge (32) along the intersec- 
tion therewith, and two minor parallel plane (23, 24) end faces ex- 
tending between the seating (22) and clearance faces (21) and the 
two cutting faces (30). Each cutting face (30) has a concave curva- 
ture centrally of its major dimension, and a convex curvature at 
each end of its major dimension to define a serpentine cutting 
face and cutting edge. When disposed along the helically ar- 
ranged teeth of a rotary cutting tool, such as a milling cutter, the 
inserts form a cutting face, or a radial face, having a continuously 
variable positive radial rake angle, and a cutting edge of serpen- 
tine configuration which generally parallels the helical form of 
the teeth. 
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Indexable Cutting Insert fn r Rotary Cutting Tn^i, 
This invention relates to cutting inserts for 
rotary cutting tools, and, more particularly, indexable 
cutting inserts for rotary cutting tools such as milling 
^ 5 cutters having helically arranged teeth. 

For illustrative purposes, this specification 
will describe the invention as it pertains to a conven- 
tional milling cutter, i.e., a milling cutter having a 
shank portion and a cutting portion of cylindrical 
configuration, the cutting portion containing a plurality 
of helically disposed gullets extending from the shank end 
of the cutting portion to the free end thereof, which 
gullets define a plurality of helically arranged teeth. in 
such a milling cutter, the cutting edges, which comprise 
the leading edges of the teeth defined by the gullets, lie 
on a substantially constant radius with respect to the 
longitudinal axis of the tool, throughout the length of the 
cutting portion. However, the invention may have applica- 
tion to other types of milling cutters, and other types of 
cutting tools which have helically arranged teeth and which 
utilize replaceable cutting inserts. 

In a conventional rotary cutting tool wherein the 
teeth and cutting edges are integral with the .tool body, 
the cutting edges of the teeth may be sharpened,' within' 
25 defined limits. However, generally speaking when the 

cutting edges become worn or damaged beyond restoration, 
the entire tool must be discarded, and, as such tools 
conventionally comprise very expensive high performance 
cutting steels, the replacement of such tools entails 
considerable expense. 

Accordingly, replaceable cutting inserts are 
frequently mounted on tool bodies in such a manner that the 
inserts are readily replaceable, and are so disposed along 
the teeth of the cutting tool that they comprise the cut- 
ting edges of the teeth. In this way, the cutting tool may 
be composed of a lesser quality steel, and only the cutting 
inserts may be composed of hard wear resistant material, 



20 



30 



35 



SUBSTITUTE SHEET 

8NSDOCIO: <WO 931 7822A1 > 



10 



15 



WO 93/17822 2 PCT/CA93/00083 

/ 

\ • / 

suitable for metal cutting applications, such as hardened 
tungsten carbide. The cost of the tool itself may there- 
fore be reduced and if the cutting edge, or portions of the 
cutting edge of the tool becomes subject to damage or 
5 excessive wear, it is only necessary to replace the 

inserts, or some of the inserts, to restore the cutting 
edge. This can frequently be accomplished with relative 
simplicity in a few minutes, indeed, in many cases the 
cutting inserts are indexable, in the sense that they 
comprise two or more essentially identical cutting edges 
and it is only necessary to remove the insert and rotate 'it 
to appropriately introduce a new cutting edge into position 
in order to renew a damaged or excessively worn cutting 
edge or a portion of the cutting edge. 

The present invention relates to a novel cutting 
insert of the type described and a novel cutting edge 
configuration formed by such inserts which exhibit improved 
cutting performance and reduced power requirements . 

In accordance with one aspect of the invention, a 
cutting insert for use in a rotary cutting tool having 
helically arranged teeth comprises a six sided block having 
two major parallel rhomboid-shaped plane surfaces consti- 
tuting a seating face and a clearance face respectively 
two opposed minor side surfaces constituting cutting faces 
extending between said seating and clearance faces, each 
said cutting face forming an acute angle with the clearance 
face, and forming a cutting edge along the intersection 
therewith, and two minor parallel plane end faces extending 
between said seating and clearance faces and said two 
cutting faces. Each cutting face is provided with a 
concave curvature centrally of its major dimension, and 
convex curvature at each end of its major dimension to 
define a serpentine cutting face and cutting edge. Such 
inserts, when disposed along the helically arranged teeth 
of a rotary cutting tool result in a cutting face or radial 
rake face having a continuously variable positive radial 
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, r =t :: e d th a . cuttins ed9e — — * t*. - lical 

In a further aspect, the invention resides in a 
5 ToTl TT 9 tOCl COmprisin ' * ™«ing portion having a 

teeth 8 PlUraUty ° f heli «"V arranged 

teeth separated by helical gullets extending the length of 
the cutting portion, with the leading edge of each to«h 
. comprising a plurality of sockets containing cutting tool 

xnserts of the type described above. The sLets are of 
10 complementary shape to the cutting tool inserts! Z\r s so 
disposed along each tooth edge that the inserts are 
arranged along the leading edge of each tooth, substan- 

^tLnsn^tT there ° f ' ""^ ^ in «p-^. 

relationship thereto. The cutting edges of the inserts i, 
15 each tooth form an interrupted cutting edge of ser^entL 

configuration which generally parallel the eel L7e ge of 
the tooth and exhibits a cutting face or radial raL flee 
having a continuously variable positive radial raxe ana^e 
throughout its length. 9 S 

such , _. The . CUCtin ' ed *e thus created by the array of 
such cutting inserts results in the creation of disLnti- 

:;::;:r t r ped chips from a ™*« " ^ 

from the w^ * t0 ° 1 ' " hiCh ChiPS m 

23 angle of th " C ° nt ™^ '"J** Positive raxe 

cuttino eff 6 ° 9 ed3S S ° Cr " ted " SUltS in 
cutting efficiency and reduced power consumption 

In drawings which illustrate the invention- 
h», • 1 iS 3 Side Vie " ° f a »"ling cutter with 

th. nHn • Fi9UrS 2 13 ^ Vi6W ° f thS CUttin * Portion of 

the milling cutter of Figure 1; 

Figure 3 is a perspective view of a cutt^na 
^ insert in accordance with the invention; * 

Figure 4 is a top plan view of the cutting ■ 
of Figure 3; cutting insert 
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Figure 5 is a cross-section of the cutting insert 
of Figure 4 along line V-V; 

Figure 6 is a side view of the cutting insert of 
Figure 4 in the direction of arrow R; 
5 Figure 7 is a top view of a segment of a tooth 

cutting edge illustrating the pockets formed therein; 

Figure 8 is a front view of the tooth segment of 

Figure 7; 

in * F±9Ure 9 iS a Cross - section of the tooth segment 

10 of Figure 7 along the line IX- IX; 

Figure 10 is a top plan view of an end cutting 
insert for the milling cutter of Figure 1; 

Figure 11 is a side view of the end cutting 
insert of Figure 10 in a direction of arrow x ; 
15 Figure 12 is a developed view of the cutting 

portion of the milling cutter of Figute 1; and 

Figure 13 is a developed view of the cutting 
portion of a modified milling cutter. 

Referring now to Fibres 1 and 2, the milling 
20 cutter is illustrated generally by the reference numeral 1 
and comprises a shank portion 2, and a cylindrical cutting' 
Portion 3. The shank portion is conventional, and will not 
be described further herein. The cutting portion comprises 
four helically arranged teeth 5 separated by guliets 6 
25 Typically the helix angle is about 25°, but it may range 
between 5° and 60°. Disposed along the leading edge of 
each tooth, substantially from the shank end to the free 
end of the cutting portion, are a plurality of cutting 
inserts 20 of identical shape. Special end cutting inserts 
30 40 are provided to complete the cutting edge of those teeth 

111 WhiCh an insert 20 is seated at the extreme free end 

thereof. 

The individual inserts 20 are best depicted in 
Figures 3 through 6. Each of the inserts 20 comprises a 
35 relatively thin six sided block having an upper planar 

clearance face 21 which is generally rhomboid-shaped, and a 
lower planar seating face 22 which is also generally 
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rhomboid-shaped. The insert has two minor planar end faces 
23 and 24, and two minor side surfaces 30 and 31. The side 
surfaces comprise cutting faces of the insert and each 
forms an acute angle A (as shown in Figure 5) with the 
Plane of the clearance face 21. Typically the angle A is 
20°, although it may vary widely depending upon the desired 
rake angle of the cutting edge formed by the insert. The 
inserts themselves are about 16 mm long, about 11 mm wide 
and about 5 mm thick, although, of course, these dimensions 
may vary widely. 

The cutting faces 30 and 31 are essentially 
identical. As best illustrated in Figure 4, the cutting 
faces exhibit a concave curvature of radius R centrally of 
their major dimension, and a convex curvature of radius r 
15 at each end thereof. For purposes of illustration, the 

radius R may be 50 mm and the radius r 30 mm. The inter- 
section of the cutting faces 30 with the clearance face 21 
forms two cutting edges 32, and, as a result of the afore- 
mentioned geometry, the cutting edges 32 are of substan- 
tially identical serpentine configuration, and result in a 
cutting face or radial rake face which exhibits a conti- 
nuously variable positive radial rake .angle B from end to 
end, when operably mounted in a cutting tool as ,will be 
described below. 

In a conventional manner, the clearance face is 
relieved slightly, (typically at an angle of about 6°) to 
form a relatively narrow land surface 31 at each cutting 
edge. The clearance face and the seating face are 
chamfered at 35 and 25 respectively to avoid unnecessary 
sharp edges and corners, and thus minimize the likelihood 
of chipping or breakage. 

For the purpose of connecting the insert to the 
tool body, the insert is provided with a through bore 28. 
This is conventional and is typical of the means of attach- 
ing cutting inserts to tool bodies, with the result that it 
need not be described in further detail. 

SUBSTITUTE SHEET 
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As will be seen from Figures 1 and 2, the inserts 
are disposed along the cutting edge of each tooth and in 
generally complementary shaped sockets. The sockets are 
depicted in greater detail in Figures 7, 8 and 9. Socket 
ends 24' are complementary with ends 24 of the cutting 
insert, and an inboard side 30' forms an acute angle A with 
the upper surface of the tooth and exhibits a convex curva- 
ture R centrally of its major dimension, and concave curva- 
ture r at each end thereof. The angles, radius arid dimen- 
sions of the socket are generally the same as the corres- 
ponding angles, radius and dimensions of an insert but the 
socket is so dimensioned as to snuggly receive an insert 
therein. The base 22' of each socket has disposed therein 
a threaded blind hole 28' which is aligned with the through 
15 hole 28 of the cutting insert and which cooperates with a 

threaded screw {not specifically illustrated) to operative- 
ly secure the insert in the socket to the cutting portion 
of the cutting tool in a conventional manner. 

As is best illustrated in Figure 8, the base 22' 
of the socket slopes down slightly at an angle C of about 
6° toward the free end of the cutting portion of the tool 
so that the insert 30, depicted in dotted lines in Figures 
8 and 9, projects slightly above the outer face„of the cut- 
ting portion at the end of the socket remote from the free 
25 end of the cutting portion to substantially flush with the 
outer surface of the cutting portion at the end of the 
socket closest to the free end of the cutting portion. 
This slope is designed to maintain the top of the cutting 
edge parallel with respect to the longitudinal axis of the 
30 tool. The slope will vary depending upon the length of the 
inserts and the helix angle of the teeth. Further, that 
portion of the gullet 6 which forms the leading edge of 
each tooth 5 as illustrated in the Figure 1 is in general 
alignment with the cutting or rake face 30 of the insert as 
35 depicted in Figures 1 and 9. 

As depicted in Figure 1, and the developed view 
thereof in Figure 12, the cutting inserts are so arranged 
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along the teeth 5 that inserts in adjacent teeth . are 
a:<ially displaced so that an insert on one tooth will be 
disposed midway between the transverse central planes P of 
adjacent inserts of an adjacent tooth. As a result, if the 
5 inserts are so arranged on some teeth, such as the second 
and fourth tooth illustrated in Figure 12, that the tooth 
terminates at its free end with the end of a complete 
insert, there will be a gap at the end of the adjacent 
teeth, for example the first and third teeth. Accordingly, 
provision is made for attachment of a short end cutting 
insert at the end of each such tooth in order to provide a 
cutting edge along each tooth which extends substantially 
to the free end of the cutting portion of the tool. Such 
an insert 40 is depicted in Figures 10 and 11. 
15 Th e end inserts 4 0 are conventional and need not 

be described in detail. They comprise a substantially 
planar outer or clearance face 41 which is generally 
rhomboid-shaped, and a substantially planar seating face 42 
which is also substantially rhomboid-shaped. The end 
20 cutting inserts 40 also comprise substantially planar minor 
end faces 43 and substantially planar minor side faces 44 . 
The end faces 43 are relieved slightly_ at 45 and form, at 
the intersection with side face 44 in the relieved area, a 
cutting edge 46. The clearance face 41 is chamfered at 47 
25 in a conventional manner to eliminate sharp edges and 

corners susceptible to chipping or breakage. A through 
hole 48 is provided in a conventional manner for attachment 
of the end insert to the free end of the cutting portion of 
the milling cutter as depicted in Figure 2. 
30 As appear from Figure 1 and Figure 12, the 

inserts are so arranged along each tooth as to form a 
generally serpentine cutting edge which generally parallels 
the helical path of the leading edge of the tooth, and is 
interrupted by the gaps between adjacent sockets which, in 
35 this particular embodiment, are spaced apart slightly as 

illustrated in Figure 1, and in greater detail in Figures 7 
and 8. The cutting edge of each tooth as defined by the 
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cutting edges of the inserts arranged along the leading 
edge of the tooth exhibits a continuously variable positive 
rake angle as result of the tooth and insert geometry, 
i.e., the combined effect of the helix angle of the teeth 
5 and the serpentine rake face and cutting edge arising from 
the convex curvature of the rake face at each end of each 
insert, and the concave curvature of the rake face of each 
insert centrally of its major dimension results in the 
continuously variable positive radial rake angle. This form 
of insert, and the arrangement of the inserts along the 
leading edge of each tooth differs from any insert and 
arrangement of inserts of which applicant is aware, in that 
the cutting face and cutting edge of each tooth,' as created 
by its inserts, follows the helical path of the leading 
15 edge of each tooth, and gives rise to a serpentine rake 

face and cutting edge which exhibits a continuously varying 
radial rake angle along the length of the cutting edge of 
each tooth. 

As is best seen in Figure 12, the inserts of one 
tooth are axially displaced relative to the inserts of an 
adjacent tooth so that, in a plane transverse to the 
longitudinal axis of the cutting portion of the tooth, the 
concave curvature of the cutting face of one insert will 
overlap the convex curvatures of the cutting faces of 
25 adjacent inserts in an adjacent tooth. In this way the 

gaps between inserts on one tooth are covered by an insert 
on an adjacent tooth to produce a continuous effective 
cutting edge. 

An arrangement has been depicted in Figures 1 
30 through 12 in which the insert sockets are spaced one from 
the other in a regular spacing, it is also possible to 
arrange the inserts so that their minor end faces 24 abut, 
leaving no distinct spacing between the inserts. A 
developed view of such an arrangement is depicted in Figure 
35 13, and it will be readily seen that this arrangement 

results in a substantially continuous rake face and cutting 
edge which follows the helical path of each tooth. There 
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are however slight interruptions in the cutting edge, which 
result from the chamfers 35, as depicted for example in 
Figure 6, which result in the formation of a slight chip 
breaker gaps in the cutting edges. These gaps, which are 
more pronounced in the embodiment depicted in the Figures 1 
to 12, result in the formation of discontinuous chips which 
are more readily removed from the work area. 

It is, of course, to be understood that the 
present invention is, by no means, limited to the particu- 
lar construction shown in the drawing, but also comprises 
any modifications within the scope of the appended claims 
It will be appreciated that the cutting tools may vary 
considerably in diameter and size, and that the helix angle 
of the flutes as well as the rake angles, the number of 
teeth, etc. may also vary. it is well known in the 
construction of cutting tools that such aspects of the 
tools may also vary depending upon the cutting effect 
desired. 
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CLAIMS : 

1 - A cutting insert for use in a rotary cutting tool 

having helically arranged teeth, comprising, a six sided 
block having two major parallel rhomboid-shaped plane sur- 
5 faces constituting a seating face and a clearance face 

respectively, two opposed minor side surfaces constituting 
cutting faces extending between said seating and clearance 
faces, each said cutting face forming an acute angle with 
said clearance face and forming a cutting edge along the 
intersection therewith, and two minor parallel plane end 
faces extending between said seating and clearance faces 
and said two cutting faces; each said cutting face having a 
concave curvature centrally of its major dimension, and 
convex curvature at each end of its major dimension to 
define a serpentine cutting face and cutting edge. 
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2 * A cutting insert as defined in claim 1 wherein 

each cutting edge is substantially identically configured. 

3- A cutting insert as defined in claim 2 wherein 

the radius of said concave curvature is greater than the 
20 radius of said convex curvature. 

4. A cutting insert as defined in claim 3 wherein 

the radius of said concave curvature is approximately 
double the radius of said convex curvature. 



25 



30 edge. 



5 * A cutting insert as claimed in claim 3 wherein 

said seating and clearance faces are chamfered along the 
intersection with said end faces. 

6. A cutting insert as claimed in claim 5 wherein 

said clearance face is relieved adjacent each cutting face 
to form a relatively narrow land surface along each cutting 
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7- A cutting insert as defined in claim 6 including 

the means for securing said cutting insert to a rotary tool 
body . 

8. A cutting insert as defined in claim 7 wherein 

5 said means for connecting said insert to a rotary cutting 
tool body comprises a through hole perpendicular to said 
clearance and seating faces and disposed centrally thereof 
whereby said cutting insert may be indexed by rotation 
about the axis of the through hole. 

10 9 ' A cut ting insert as defined in claim 6, wherein 

sa ld acute angle is about 20° the radius of said concave 
curvature is about 50 mm and the radius of said convex 
curvature is about 30 mm. 
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10. A rotary cutting tool comprising a cutting 

portion having a longitudinal axis and a plurality of heli- 
cally arranged teeth separated by helical gullets extending 
the length of said cutting portion, the leading edge of 
each tooth comprising a plurality of sockets containing 
cutting inserts as defined in claim 1, said sockets being 
of complementary shape to said cutting' inserts. and so 
disposed along each tooth that said cutting inserts are 
arranged along the leading edge of each tooth substantially 
the length thereof, with cutting edges in operable 
relationship thereto and in substantially parallel 
relationship with the leading edge of said tooth. 

11. A rotary cutting tool as defined in claim 10 
wherein said cutting portion is cylindrical and wherein the 
cutting edge along each tooth formed by said inserts is of 
serpentine configuration and exhibits a continuously vari- 
able positive radial rake angle. 

12. A rotary cutting tool as defined in claim 11 
wherein the helix angle of said teeth with respect to the 
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longitudinal axis of said cutting portion fall. 

range 5 to 60°. P ° n falls w ^thin the 

A rotary cutting tool as defined in claim 12 
wherein said helix angle is 25<\ * 12 

5 14 ' A rotar y cutting tool as dpfin a w • 

respect to the inserts of the adjacent tooth wherebv a 

ainal axis of said cutting portion. l0n91tU_ 



15 



abutting relation^ alTO9 t8eth in 

15 16 * A rotar y cutting tool as dPfi na H • 

-erein said inserts are 

regularly spaced relationship. 111 

17 * A rotar y cutting tool as define • • , . 

16 wherein i-h~ «.«_ • aefxned m claim 15 or 

exhibit, , 1 " serpentine configuration and 

angle ly variable positive radial ra*e 



«• A rotary cutting tool as defined in claim „ 



SUBSTITUTE SHEET 



WO 93/17822 



PCT/CA93/00083 




WO 93/17822 



4 

PCT/CA93/00083 



2/5 




WO 93/17822 



PCT/CA93/00083 



3/5 





FIG. II 



WO 93/17822 



PCT/CA93/00083 




WO 93/17822 



PCI7CA93/00083 



5/5 




FIG. 13 



INTERNATIONAL SEARCH REPORT " 

^ International Application rso 

L CLASSIFICATION OF SUBJECT MATTER (if several classification symbol apply, inSSn S?" 
According to International Patent Classification (IPC) or to both National Classification and IPC 

Int. CI. 5 B23C5/10; B23C5/20; B23C5/22 



PCT/CA 93/00083 



U. FIELDS SEARCHED 



Minimum Documentation Searched 7 

Classification Symbols 



B23C 



Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Included in the Fields Searched* 



Ul. DOCUMENTS CONSIDERED TO BE RELEVANT* 
| Category « [ Citation of Document, » with indication, where appropriate, of the relevant passa^eT^" 



Relevant to Claim No. 1 - 3 



P.A 



P,A 



EP,A,0 505 574 (MITSUBISHI MATERIALS) 
30 September 1992 

see column 10, line 13 - column 11, line 
9; figures 11-19 

FR,A,2 042 472 (WELD0N TOOL) 
12 February 1971 

see page 3, line 26 - line 31; figure 3 

EP,A,0 278 389 (INGERS0L) 
17 August 1988 
see figures 1-3 

EP,A,0 473 177 (MITSUBISHI MATERIALS) 
4 March 1992 
see figure 4 



1.8 



7,8,10, 
11,15,16 



14,18 



° Special categories of cited documents : 10 

*A* document defining the general state of the art which is not 
considered to be of particular relevance 

*E* earlier document but published on or after the international 
riling date 

IS document which may throw doubts on priority daim(s) or 
which is cxted to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date bat 
later than the priority date claimed 



*T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 



*X document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step 

*V document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with ooe or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

"&* document member of the same patent family 



Date of the Actual Completion of the International Search 

24 JUNE 1993 

International Searching Authority 

EUROPEAN PATENT OFFICE 



Date of Mailing of this International Search Report 

} 0. 07. 93 

Signature of Authorized Officer 

B0GAERT. F.L. 



i PCT/ISA/I10 I 



I Uauary tmsi 



§ N SOOCID* <WO 931 7922A1 > 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. CA 9300083 

SA 72140 

Tht ^^Jf^^ PatCat ^. ,y ™»*« » the patent documents cited in the above-mentioned international search report. 

The members are as contained in the European Patent Office EDP file on report 
The European Patent Office is in no way Liable for these particulars which are merely given for the purpose of information. 24/06/93 



^ Patent document 
cited in search report 



Publication 
date 



Patent family 
mcmbcr^s) 



Publication 
date 



EP-A-0505574 


30-09-92 


JP-A- 


5016011 


26-01-93 






JP-A- 


4152013 


26-05-92 






W0-A- 


9206811 


30-04-92 


FR-A-2042472 


12-02-71 


. BE-A- 


739538 


02-03-70 






CA-A- 


944546 


02-04-74 






CH-A- 


504920 


31-03-71 






DE-A- 


2021688 


30-09-71 






GB-A- 


1285076 


09-08-72 






NL-A- 


6916348 


10-11-70 






SE-B- 


358575 


06-08-73 


EP-A-0278389 


17-08-88 


CA-A- 


1270631 


26-06-90 






JP-A- 


63216615 


08-09-88 






US-A- 


4790693 


13-12-88 


EP-A-0473177 


04-03-92 


CA-A- 


2050186 


01-03-92 



S For more details about this annex ; see Official Journal of the European Patent Office, No. 12/82 



9NSDOCI0: <WO 931 7822A1 » 



